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Administrative
This document is for distribution internally and externally (for off site public domain).

Text enclosed between “<” and “>" are meant to represent generic information.
For example: <date column> is meant to represent date columns in general- NOT THE
SPECIFIED “DATE COLUMN.”

Synopsis

| developed PL/SQL code that generates or modifies PL/SQL “BEFORE EACH ROW” triggers to
protect database date columns from Y 2K non-compliant date input (from all sources) into the
database. A function isimbedded in the triggers that uses the “RR” year formatted date
conversion. For each table with at least one date column and with INSERT/UPDATE/DELETE
trigger(s), my code inserts date conversion code into the existing trigger(s). For
INSERT/UPDATE not in atrigger(s), my code creates atrigger for the absent DML command(s).

Designed to be: Transferable to other servers with minimum effort; A uniform and consistent
problem solution with easy implementation, testing, and configuration management.

No need to manually code and edit SQL trigger files: Modifies existing triggers; Creates needed
triggers, Self documented (output comments with code); SQL files configuration management
ready. Can customize the: Date conversion function; Code modifications for the trigger; Universa
lookup/key; ...

Problem

Due to legacy software, we needed to protect database dates columns from Y 2K non-compliant
dates. That is, to control date data coming into the database. With legacy software of
SQL*FORMS 3.0, SQLPLUS, and Pro* FORTRAN, the solution had to be applicable for multiple
input sources. Next, it would have to work for future unknown application, upgrades, etc.
Additionally, we needed uniform and consistent problem solution for ease of implementation,
testing, and configuration management. Then, it would have to be transferable to other servers
with minimum effort. With afour month Y 2K conversion deadline for our entire Laboratory
Information Management System (LIMS), the need was immediate. All this had to be resolved in
our legacy software environment.

Softwar e Environment and Softwar e Restrictions

Our in-house LIMS uses OpenVMS V6.2 and VT terminals (or VT emulators) for the system
platform. The Oracle software consists of: Oracle7 Server Release 7.1.5.2.3; SQL*Plus Release
3.1.35.1; PL/SQL Release 2.1.5.2.0. All our dates are greater than 1980 but less than 2010.
Therefore, the most encompassing solution pointed to was triggers.
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Triggersand Tableswith Dates

To give complete coverage for al date fields within our software context, the approach | used was
to both modify existing triggers and create new triggers to contain date conversion code. Since can
only change a column’svalue in “BEFORE” triggers and want the Y 2K conversion to affect each
record inserted or updated, all triggers upgraded or created are/will be “BEFORE EACH ROW”
triggers associated with tables that have at |east one date field. Specifically, generates code like:
:NEW .timestamp :=rr_date_conversion(:NEW.timestamp);
Using PL/SQL codethat generates PL/SQL triggers that run from SQL command files, |
developed a module to upgrade existing triggers and an another module to create needed triggers.
This gave full coverage for each table with at least one date field:

Existing BEFORE/EACH ROW BEFORE/EACH ROW
Trigger(s) to Upgrade New Trigger Generated
DELETE None

INSERT OR UPDATE None

INSERT OR UPDATE OR DELETE | None

INSERT UPDATE

INSERT OR DELETE UPDATE

UPDATE INSERT

UPDATE OR DELETE INSERT

None INSERT OR UPDATE

NOTE: By creating temporary triggers for every combination of
INSERT/UPDATE/UPDATE OF/DELETE, dl possibilities were
successfully tested.

50% of the triggers are “BEFORE EACH ROW” triggers. My pre-Y 2K conversion trigger break
out base on triggering eventsis:

i 10% contain "INSERT OR UPDATE" (most are "INSERT OR UPDATE OR

DELETE")

ii. 10% contain "INSERT" (most are "INSERT OR DELETE")

iii. 30% contain "UPDATE" or “UPDATE OF’ (most are "UPDATE OR DELETE")
These triggers were upgraded. All created or upgraded triggers are configured to call the date
conversion function.

Solution

The created and upgraded triggers use the standard date conversion function “rr_date_conversion.”
Using the “RR” date format, the date conversion function is based on the last two digits of the
year. Each year with itslast two digits less than 50 is converted to the 21st century. Each year with
its last two digits greater than or equal to 50 is converted to the 20th century. For al new and
modified triggers, the date conversion syntax is” (also see Attachment Number 1):

<owner>.rr_date_conversion
yydate IN DATE /* dateto convert to Y 2K compliance */

)
RETURN DATE IS
rrdate DATE; /* Y2K compliant dateto return */
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BEGIN
SELECT
TO DATE

TO_CHAR (yydate,
'DD-MM-YY HH:MI:SS'),
'DD-MM-RR HH:MI:SS
)
INTO
rrdate
FROM DUAL;
RETURN (rrdate);
END;

All thetriggers call “rr_date_conversion” using the following structure (referenced in this
document as “<Date conversion code>"):

-- Convert date coming into database to be Y 2K complaint.
IF :NEW.<date column> ISNOT NULL
THEN
:NEW .<date column> :=
rr_date_conversion( :NEW.<date column> );
END IF;
<repeats IF THEN block for each date column>

Thefile"Y2K_TRIGGER_GENERATOR.SQL” (see Attachment Number 2) contains the
PL/SQL “Generator” code. By spooling created triggers to
“Y2K_DATE_COLUMN_NEW_TRIG_CODE.SQL,” acommand file of new/created triggersis
created. Additionaly, “DROP TRIGGER” commands are spool to
Y2K_DROP_RR_TRIGGERS.SQL.” (Asshown in the above table, triggers are not generated for
existing "BEFORE INSERT..." and/or " BEFORE UPDATE..." triggers.) The basic structure of
the created trigger is:

<Header information/comments>

BEGIN

<Date conversion code>
END;

Additionally, all new/created trigger names consists of “RR_" concatenated to the beginning of
the trigger’ s table name. The creating of triggers methodology is basically a subset of the upgrade
of existing triggers.

Thefile"Y2K_EXISTING_TRIGGER_UPGRADE.SQL"” (see Attachment Number 3) contains
the PL/SQL code for “Upgrade.” By spooling upgraded triggers to
“Y2K_TRIGGER_UPGRADE_CODE.SQL,” it generated the code that inserts date conversion
code into existing triggers. The basic structure of the original syntax in
“SYSDBA_TRIGGERS.TRIGGER_BODY" is:
BEGIN
<Original code- less BEGIN/END>
END;
The basic structure of the upgraded code is:
BEGIN
<Header information/comments>
BEGIN
<Date conversion code>
END;
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BEGIN
<Original code- less BEGIN/END>
END;
END;

Having the generic solution detailed, the basic logic of the create and upgrade SQL filesis
outlined next.

Basics of Code Logic

The basic logic used to generate the new triggers (PL/SQL code “ Generator”) is:

a. Createslist of tables with date column(s).

b. Buildslist of existing (if any) “BEFORE EACH ROW” triggers associated with specified
table:
i. Develops new trigger based on triggering events NOT in list of existing “BEFORE

EACH ROW” triggers.

ii. If UPDATE and INSERT triggering events exists, no new trigger.

c. Constructstrigger’s code (triggering event,...)

d. Createlist of the table's date columns to insert into the date conversion code (represented
above by “<Date conversion code>")

e. “DBMS OUTPUT.PUT_LINE” commands output trigger code and comments to build each
trigger.

f.  Executes spooled SQL file of built triggers.

g. Createsthe SQL command fileto “DROP TRIGGER” for all triggerswith “RR_" prefixing
the trigger name.

The basic logic used to update/upgrade old triggers (PL/SQL code for “Upgrade’) is:

a. Createslist of tables with date column(s).

b. Createslist of existing (if any) “BEFORE EACH ROW” triggers associated with specified
table (excludes triggers with “RR_" prefix).

c. Reconstructstrigger’s code (triggering event, WHEN clause, ...).

d. Createlist of table columnsfor code to reconstruct UPDATE OF clause.

h. Createlist of date columns for date conversion code (represented above with “<Date
conversion code>").

i. “DBMS OUTPUT.PUT_LINE” commands output code and comments to build each trigger .

€. Must execute the spooled trigger file separately.

This reasonably simple approach yielded the desired results and more.

Benefits

The process of protecting date fields has been automated. Since the SQL files can be run from the
SQL*Plus prompt, no special tools are required- nothing to buy. Moreover, thereis no need to edit
SQL trigger files: Modifies existing triggers; Creates needed triggers; Self documented (output
comments with code); SQL files configuration management ready. Available now requiring
minimal modification for usage.

Required Customization/M odification
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Since this was developed with PL/SQL Release 2.1.5.2.0 and SQL* Plus Release 3.1.3.5.1, each
lineis prefixed with atab. Since the origina code and the Y 2K conversion are imbedded into two
separate inner blocks and leading blanks are suppressed/trimmed when using

“DBMS OUTPUT.PUT_LINE” commands, the tab prefix maintains a semblance of the original
indentation. This “tab” code can be removed, commented out, or replaced with spacing when
using later PL/SQL versions. Next, if already used with objects, may want to replacethe“RR_”
(newly created trigger) prefix.

Finally, for the provided SQL files to work, the trigger owner must be inserted in various WHERE

clauses:
a. Replace “<owner>" in WHERE clauses with desired owner/schema
or

b. Remove “AND OWNER = <owner>" from the WHERE clauses. Naturally, this implies you
create/upgrade triggers for al schemas.
Having to make required changes demonstrates that general customization isfeasible.

Possible Alter natives and Enhancements

With your unique date requirement, you can customize "RR_DATE_CONVERSION" for the
desired date handling (e.g. for the years 1910 through 2009). If you can determine uniform keying
information, the concept of creating triggers/modifying existing triggers can be expanded. (For me
it was: SYSDBA_TAB_COLUMNS.DATA_TYPE =“DATE.”) “WHERE" logic can be set up
for fields with the same/similar names (e.g. tables with field names of “USER_ID”). In addition to
any type of triggering event and/or trigger type, you can look for valuesin the columns of the
SYS.DBA_TRIGGERS or SYS.DBA_TRIGGER_COLS. Also, occurrences of an object in a
trigger (e.g. asynonym in SYS.DBA_TRIGGERS “WHEN_CLAUSE” field). Additionally, the
“WHEN?" clauseis a prime candidate to control data coming into the database. If you have
something consistent to search for in al the needed triggers, you can make uniform modifications
to the trigger codes (found in: SYS.DBA_TRIGGERS.TRIGGER_BODY).

Any one want to integrate these concepts into a GUI product?

Conclusion

Database now has blanket input Y 2K protection that meets our requirements. Without extensive
editing work by developers, al or selected triggers can be “electronically” modified. Additionally,
“electronically” created triggers when the need existed. The concept can be expanded well
beyond Y 2K protection.

Think in terms of
automating problem solutions
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Attachment Number 1
RR_DATE_CONVERSION.SQL
/*
Functi on : rr_date_conversion
Aut hor : Carl Cribbs
Dat e Created : 02- Mar-1999
Descri ption : Converts dates to be Y2K conpli ant
Restrictions : Any year with it last two digits less than 50 is treated as
a 21st century date. Any year with it last two |l ess greater
than or equal to 50 is treated as a 20th century date.
Par amet er s : yydate - the date to convert
Ret urn Val ue : rrdate - Y2K conpliant date to return
*/
CREATE OR REPLACE FUNCTI ON
ops$accesslinms. rr_date_conversion
(
yydate IN DATE /* date to convert to Y2K conpliance */
)
RETURN DATE | S
rrdate DATE; /* Y2K conpliant date to return */
/*
Nane / Date / Conment
/ /
/ /
*/
BEG N
/*
If last two digits of date to convert is |less than 50, converts
to a 21st century date. Otherw se, converts to a 20th century date.
*/
SELECT
TO DATE ( TO CHAR ( yydate, 'DD-MMYY HHM:SS ),'DD-MMRR HH M :SS )
I NTO
rrdate
FROM DUAL;
RETURN (rrdate);
/*
*/
END rr_dat e_conversi on;
/
/*
Make this function accessible by all schemas
*/

CREATE PUBLI C SYNONYM rr_dat e_conversi on FOR ops$accesslins. rr_date_conversion;
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Attachment Number 2
Y2K_TRIGGER_GENERATOR.SQL

SET ECHO COFF

SET FEEDBACK OFF

SET HEADI NG OFF

SET LI NESI ZE 80

SET SERVEROUTPUT On SI ZE 1000000
SET SHOAWMODE OFF

SET TERM OFF

-- File : Y2K_TRI GGER_GENERATOR. SQL

-- Purpose : Each table's trigger will convert date data (for each
-- date field) to the year range of 1950 through 2049.
-- Description : PL/SQ code generates each table's trigger.

-- Aut hor : Carl Cribbs

-- Date Created : 01- APR-1999

-- Restrictions : a. Only for tables with date fields.

-- b. The date conversion function that is called,

-- "rr_date_conversion," converts:

-- i. Al years with it last two digits less than 50 to
-- a 21st century date.

-- ii. AIl years with it last two digits greater than or
-- equal to 50 to a 20th century date.

-- c. WIIl not generate triggers for existing "BEFORE | NSERT"
-- and/ or "BEFORE UPDATE" triggers:

- - o e e e e e e e e e eeaaoo- o e e e e e e e eeaaooo- +
-- | Exi sting BEFORE/EACH ROW | Type of BEFORE/ EACH ROW |
-- | Trigger for a Table | Trigger GCenerated |
e o e e e e e e e eeaaooo- |
-- | I NSERT OR UPDATE | None |
-- | I NSERT OR UPDATE OR DELETE | None |
-- | I NSERT | UPDATE |
-- | I NSERT OR DELETE | UPDATE |
-- | UPDATE | | NSERT |
-- | UPDATE OR DELETE | | NSERT |
-- | None | I NSERT OR UPDATE |
- - o e e e e e e e e e eeaaoo- o e e e e e e e eeaaooo- +

-- List of tables with date col um(s)

-- Each "BEFORE EACH ROW trigger with both "I NSERT" and "UPDATE"
-- triggering events preclude its associated table frombeing listed (and
-- having a trigger generated).

CURSOR date_tables IS
SELECT DI STI NCT
owner, table_nane
FROM
sys. dba_t ab_col umms
WHERE
owner = ' OPS$ACCESSLI M5!
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AND
data_type = ' DATE
M NUS

SELECT
t abl e_owner, table_nane

FROM
sys.dba_triggers

WHERE
tabl e_owner = ' OPS$ACCESSLI M5'
AND
trigger_type = ' BEFORE EACH ROW
AND
triggering_event LIKE '%JPDATE% NSERT%

M NUS

SELECT
t abl e_owner, table_nane

FROM
sys.dba_triggers

WHERE
tabl e_owner = ' OPS$ACCESSLI M5'
AND

trigger_type = ' BEFORE EACH ROW
AND

triggering_event LIKE '% NSERT%JPDATE%
ORDER BY 1, 2;

CURSOR trigger_for_table

table_with_date sys.dba_triggers.tabl e_nane%lYPE
) IS
SELECT
triggering_event
FROM
sys.dba_triggers
WHERE
t abl e_nane = table_wi th_date
AND
tabl e_owner = ' OPS$ACCESSLI M5'
AND
owner
AND
trigger_type = ' BEFORE EACH ROW ;

t abl e_owner

-- List of dates for each table

CURSOR bui | d_dat e_col utms

tabl e_dat e_col umms sys. dba_t ab_col umms. t abl e_nane%lYPE
) IS
SELECT
col um_nane
FROM
sys. dba_t ab_col umms
WHERE
owner = ' OPS$ACCESSLI M5!
AND
tabl e_nane = tabl e_date_col ums
AND
data_type = 'DATE
ORDER BY col umm_nane;
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-- var_filtered_triggering_event

Triggering event information string. Receives a trigger's
triggering event(s) text. Then has everything renmoved except
"1 NSERT" and/or "UPDATE."

-- var_triggering_event_string

After being filtered, deternmines if can build an | NSERT trigger or
an UPDATE trigger or cannot build a trigger.

var_filtered_triggering_event

sys.dba_triggers.triggering_event % YPE;

var _triggering_event_string

VARCHARZ( 12) ;

-- Trigger generation for each table with at |east one date colum

-- LOOP once for each table to make a trigger if possible.
-- (Each table has at |east one date colum.)

FOR trig_build

date_tabl es

Determ ne the kind of triggering event(s), if any, that can be generated

What is left ("INSERT" and/or "UPDATE') after filtering, if anything,
will be the generated trigger's triggering event(s)

var_triggering_event_string :="'1NSERTUPDATE ;

Determine the triggering events, if any, of existing triggers for the
specified table (trig_build.table_nane)

FOR triggering_event_check
IN trigger_for_table (trig_build.table_nane)
LOOP
-- To be left with "I NSERT" or "UPDATE' or NULL, renove "OR s,"
-- "DELETE," and spaces fromthe information string
var_filtered_triggering_event :=
REPLACE ( triggering_event_check.triggering_event, 'OR );
var_filtered_triggering_event :=

10 of 22
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REPLACE ( var _filtered_triggering_event, 'DELETE );
var_filtered_triggering_event :=
REPLACE ( var _filtered_triggering_event, ' ' );
-------- To avoid error conflicts with already existing "UPDATE" or
-------- "I NSERT" triggers, renpve any triggering event fromthe
-------- triggering event string

IF var_filtered_triggering_event IS NOT NULL

THEN
var_triggering_event_string :=
REPLACE

(
var _triggering_event_string ,
var_filtered_triggering_event
)i

END | F;

END LOOP;
----- If the triggering event string is not null, then can build a trigger

I F var_triggering_event_string IS NOT NULL
THEN

-------- Qutput trigger creation command, headers, comments, etc.

DBMS_OUTPUT. PUT_LI NE (
' CREATE OR REPLACE TRIGGER ' || trig_build.owner ||
|| LOWER( REPLACE( trig_build.table_nane,' DWF_') ) );

-------- What ever is left in the triggering event string is the type(s)

-------- of triggering events the trigger will be
I'F var_triggering_event_string = ' NSERTUPDATE'
THEN
DBVMS_OUTPUT. PUT_LI NE ( ' BEFORE | NSERT OR UPDATE ' );
ELSE
DBMS_QUTPUT. PUT_LINE ( 'BEFORE ' || var_triggering_event_string );
END | F;

DBMS_OUTPUT. PUT_LI NE (
"ON " || trig_build.owner || ".'
|| LONER(trig_build.table_nane) );

DBMS_OUTPUT. PUT_LI NE ( ' FOR EACH ROW );

DBMS_OUTPUT. PUT_LINE ( '/*" );

DBMVS_OUTPUT. PUT_LI NE (

[ ")
DBMS_OUTPUT. PUT_LINE ( '|" );
DBMS_OUTPUT. PUT_LI NE (

"| Trigger : RR' || REPLACE( trig_build.table_nane, 'DWF_' ));
DBMS_OUTPUT. PUT_LI NE (

"| Aut hor : Carl Cribbs' );

DBMS_OUTPUT. PUT_LI NE (

'| Date Created: ' || to_char( SYSDATE, 'DD- MON-YYYY' ) );
DBMS_OUTPUT. PUT_LI NE (

'"| Description : For table ' || trig_build.table_name [| '."' );
DBMS_OUTPUT. PUT_LI NE (

" When an insert occurs on a record or an update,' );
DBMS_OUTPUT. PUT_LI NE (

" occurs on the date columm, converts the date ' );
DBMS_OUTPUT. PUT_LI NE (

" to be Y2K conpliant.' );

DBMS_OUTPUT. PUT_LI NE (

'"| Restrictions: Any year with it last two digits Iess than 50 is');
DBMS_OUTPUT. PUT_LI NE (

" converted to a 21st century date.
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|| "Any year with it"' );

DBM5_QUTPUT.
|
DBM5_QUTPUT.

|
DBMS_OUTPUT.
DBMS_OUTPUT.

PUT_LINE (

last two digits greater than or equal

PUT_LINE (

converted to a 20th century date.'

PUT_LINE (
PUT_LINE (

o)

DBMBS_OUTPUT.

PUT_LINE (

[
DBMS_OUTPUT.

"| Nane
DBMS_OUTPUT.

PUT_LI NE (
| Date
PUT_LI NE (

[
DBMBS_OUTPUT.

|
DBMS_OUTPUT.

|
DBMS_OUTPUT.

|
DBMS_OUTPUT.

PUT_LINE (
|

PUT_LINE (
|

PUT_LINE (

|
PUT_LINE (

DBMBS_OUTPUT.
DBMS_OUTPUT.
DBMS_OUTPUT.
DBMS_OUTPUT.

DBMS_OUTPUT.

PUT_LINE (
PUT_LI NE (
PUT_LINE (
PUT_LI NE (

-- Convert date com

PUT_LINE (

STy
"BEGN );
RN

RN

LOOP for a specified table's date col ums.
Each date columm has a Y2K conpliant function call

ng into database to be Y2K conpl aint.

FOR date_cols
I'N buil d_date_colums ( trig_build.table_nane )
LOOP

DBMS_OUTPUT. PUT_LI NE

CHR( 9)
[

[l "ITF :NEW" ||
I'S NOT NULL '

)
DBMS_OUTPUT. PUT_LINE ( CHR(9) || 'THEN );
DBMS_OUTPUT. PUT_LI NE

CHR( 9)
[
)

CNEW' ]

DBMVS_OUTPUT. PUT_LI NE

CHR( 9)
[
)

rr_date_conversi on(

LONER( date_col s. col um_nane ) ||

DBMS_OUTPUT. PUT_LINE ( CHR(9) ||
DBMS_OUTPUT. PUT_LINE ( CHR(9) );

END LOOP;

DBMS_OUTPUT.
DBMS_OUTPUT.
DBMS_OUTPUT.

PUT_LIN
PUT_LIN
PUT_LIN

mmm

"END ' );
Ay

"END I F;'

)

LONER( date_col s. col unm_nane )

LONER( date_col s. col unm_nane )

TNEW'

)

50 is'
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DBMS_OUTPUT. PUT_LINE ( '*/' );
DBMS_OUTPUT. PUT_LINE ( '/’ );

ROLLBACK;
END | F;
END LOOP;
END;
/

SPOOL OFF

-- Execute the generated code to create the triggers

@2k_dat e_col umm_new_tri g_code. sql

-- Renopve/drop Y2K protection triggers
-- (DROP TRI GGER commands save to y2k_drop_rr_triggers.sql

SPOOL y2k_drop_rr_triggers.sql

SELECT DI STI NCT
"DROP TRIGGER ' || owner || '."' || trigger_name [| ";'
FROM
sys.dba_triggers
WHERE
owner = ' OPS$ACCESSLI M5!
AND
trigger_name LIKE 'RR %
ORDER BY
"DROP TRIGGER ' || owner || '.' || trigger_name || ';"';

SPOOL OFF

-- FOR DEBUGGI NG
-- cannot create triggers generator file if table already has triggers

-- @2k_drop_rr_triggers.sql

SET ECHO On

SET FEEDBACK On

SET SERVEROUTPUT OFF
SET SHOAWWODE On

SET TERM On

SET HEADI NG On

SET LONG 80
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Attachment Number 3
Y2K_EXISTING_TRIGGER_UPGRADE.SQL

SET ECHO COFF

SET LI NESI ZE 132

SET SERVEROUTPUT On S| ZE 1000000
SET FEEDBACK OFF

SET SHOAWMODE OFF

SET TERM OFF

SET HEADI NG OFF

SET LONG 100000

SET ARRAYSI ZE 10

-- File : Y2K_EXI STI NG_TRI GGER_UPGRADE. SQL

-- Purpose : Each table's trigger will convert date data (for each
-- date field) to the year range of 1950 through 2049.
-- Description : PL/SQ code generates each table's trigger.

-- Aut hor : Carl Cribbs

-- Date Created : 15- APR-1999

-- Restrictions : a. Only for existing "BEFORE" triggers that have tables
-- with date fields.

-- b. The date conversion function that is called,

-- "rr_date_conversion," converts:

-- i. Al years with its last two digits less than 50 to
-- a 21st century date.

-- ii. All years with its last two digits greater than or
-- equal to 50 to a 20th century date.

-- c. Since this was developed with PL/SQL Release 2.1.5.2.0 and
-- SQL*Plus Release 3.1.3.5.1, each line is prefixed with
-- a tab. (Since the original code and the Y2K conversion
-- are made into two separate inner blocks and | eading

-- bl anks are suppressed/trimmed, this maintains a

-- senbl ance of the original indentation. The logic

-- can be comented out or prefixed with spacing for

-- later PL/SQL versions.)

spool y2k_trigger_upgrade_code. sql
DECLARE

-- List of date colums for a specified table.
-- Builds the statement (for each date columm) that calls the
-- date conversion function.

CURSOR bui | d_dat e_col utms

tabl e_dat e_col umms sys. dba_t ab_col umms. t abl e_nane%l YPE
) IS
SELECT
col um_nane
FROM
sys. dba_t ab_col ums
WHERE
owner = ' OPS$ACCESSLI Ms'
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AND
tabl e_nane = tabl e_date_col ums
AND
data_type = 'DATE ;

-- List of any colums a SQ." UPDATE" occurs for.
-- Used to rebuild the "UPDATE OF" cl ause.

CURSOR bui | d_updat e_col ums_stri ng

t abl e_updat e_col umms sys.dba_trigger_col s. tabl e_nane%l YPE
updat e_of _trigger_nanme sys.dba_trigger_cols.trigger_nanme% YPE
) IS
SELECT
col um_nane
FROM
sys.dba_trigger_cols
WHERE
t abl e_nane = tabl e_updat e_col ums
AND
trigger_name = update_of_trigger_nane
AND
trigger_owner = ' OPS$ACCESSLI M5
AND
t abl e_owner = trigger_owner
AND
colum_list ="'YES

-- List of triggers (for a specified table with at
-- CURSCR ignores triggers with '"RR ' prefix since these were created

-- exclusively for converting the date fields

CURSOR exi sting_tiggers
(

) IS
SELECT
t abl e_nane,
owner,
trigger_nane,
trigger_type
triggering_event,
t abl e_owner
ref erenci ng_nanes,
when_cl ause
st at us,
description
trigger_body
FROM
sys.dba_triggers
WHERE
t abl e_nane
AND
owner
AND
trigger_type = ' BEFORE EACH ROW
AND
trigger_name NOT LIKE 'RR_%
ORDER BY tabl e_nane;

table_with_date sys. dba_t ab_col umms. t abl e_nane%l YPE

table_with_date

' OPS$ACCESSLI M5

| east one date col umm).

15 of 22
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-- List of tables that have date col um(s)

CURSOR tables_wi th_dates IS
SELECT DI STI NCT
t abl e_nane

FROM
sys. dba_t ab_col umms

WHERE
owner = ' OPS$ACCESSLI M5!
AND

data_type = ' DATE';

----- Vari abl es
----- var _begi nni ng_of _l i ne
----- The character nunber (within a trigger's body) of a line's
----- first character (the beginning of the line). (This plus
----- var_end_of _line are used to edit each trigger's line.)
----- var_end_of _l i ne
----- The character nunber (within a trigger's body) of a line's
----- | ast character (the end of line). (This plus var_begi nning_of _|ine
----- are used to edit each trigger's line.)
----- var_l ength_trigger_string
----- Number of characters in a trigger's body
----- var _str_col um
----- Text string of colums that appeared after UPDATE FOR pl us
----- date col ums.
----- var_str_row
----- Text string of a row of the trigger's original code.
----- var _trigger_type
----- Processes/edits the trigger type val ue.

var _begi nni ng_of _l i ne | NTEGER,;

var_end_of _l i ne | NTEGER,;

var _l ength_trigger_string | NTEGER,;

var _str_col um VARCHAR2(1000) ;
var_str_row VARCHAR2(132) ;
var _trigger_type VARCHAR2(100) ;

BEG N
FOR tabl e_l oop
IN tabl es_w th_dates
LOOP
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FOR nodi fi cati on_| oop
IN existing_tiggers ( table_loop.table_nane )
LOOP

DBMS_OUTPUT. PUT_LI NE (
' CREATE OR REPLACE TRIGGER '|| nodification_|l oop.owner || ".'
|| nodification_|loop.trigger_name );

-------- Since only "BEFORE" triggers types can nodify "NEW data val ues
-------- and want each row record to have its date colum affected,
-------- only nodi fying "BEFORE EACH ROW triggers. (If a "BEFORE EACH ROW
-------- trigger does not exist for "UPDATE" and/or "I NSERT,"
-------- "Y2K_TRI GGER_GENERATOR. SQL" creates the Y2K conversion trigger.)

var _trigger_type : = 'BEFORE ;

-------- Reconstruct the triggering event (UPDATE and/or | NSERT and/or DELETE)

I'F nodification_loop.triggering_event IS NOT NULL
THEN

----------- Conbi ne trigger type and triggering event
var_trigger_type := var_trigger_type || ' '
|| nodification_|loop.triggering_event;
----------- Initialize colum Iist
SELECT NULL | NTO var_str_col uim FROM DUAL;

----------- For an UPDATE with colum list ("UPDATE OF'), rebuild the Iist.

FOR update_col s
IN build_update_col ums_string

nmodi fi cati on_| oop. tabl e_nane,
nmodi fication_|l oop.trigger_nane

)
LooP
var_str_colum : =
var_str_colum || update_cols.colum_nane || ', ';
END LOOP;

----------- If any colums are in the colum ("UPDATE OF") Iist,
----------- edit colum list for proper syntax.
----------- If no colums in the colum list, no action required.

I'F var_str_columm IS NOT NULL
THEN

.............. Renove trailing comma fromnon-null colum Iist

var_str_colum := RTRIM ( var_str_colum, ', ');

-------------- If have a columm list, conbine trigger type with
-------------- "UPDATE" changed to "UPDATE OF" and the columm Iist.
var _trigger_type := REPLACE ( var_trigger_type,
" UPDATE', 'UPDATE OF ' || var_str_colum );

17 of 22
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END | F;
END | F;
-------- Qutput triggering type concatenated with the triggering event (if any)

DBMS_QUTPUT. PUT_LINE ( var_trigger_type );

-------- End of reconstructing the triggering event
-------- Qutput trigger's owner
DBMS_OUTPUT. PUT_LI NE (
"ON ' || nodification_|loop.table_owner || '.'

|| nodification_|l oop.table_name );

-------- Qut put any "REFERENCI NG' statenent (e.g. "NEWAS NEWOLD AS OLD")
I F nodi fication_| oop.referencing_nanmes |'S NOT NULL
THEN
DBMS_QUTPUT. PUT_LI NE ( nodi fication_l oop. referenci ng_nanes );
END | F;
-------- "FOR EACH ROW part (only nodifying "BEFORE EACH ROWN triggers)
DBMS_OUTPUT. PUT_LINE ( ' FOR EACH ROW );
-------- If there is a "WHEN' clause, recreate it with the logic
-------- NOTE: No formmtting of "WHEN' cl ause. (Displayed/ output as retrieved
-------- in sys.dba_triggers. when_cl ause
I F nodi fication_|l oop.when_clause 1S NOT NULL
THEN
DBVMS_OUTPUT. PUT_LINE ( ' WHEN );
DBMS_QUTPUT. PUT_LINE ( ' (' );
DBMS_QUTPUT. PUT_LI NE ( nodi fication_| oop. when_cl ause );
DBMS_QUTPUT. PUT_LINE ( ')' );
END | F;
-------- Change header and associ ated comrents

DBMS_OUTPUT. PUT_LINE ( '/*' );
DBMS_OUTPUT. PUT_LI NE (

[ ")
DBMS_OUTPUT. PUT_LINE ( '| Nane | Date |  Comment' );
DBMS_OUTPUT. PUT_LI NE (

[ ")
DBMS_OUTPUT. PUT_LI NE (
"| Cribbs | ' || TO_CHAR( SYSDATE, 'DD- MON-YYYY')
|] ' | Added Y2K protection to date fields' );
DBMS_OUTPUT. PUT_LI NE (

1 )
DBMS_OUTPUT. PUT_LINE ( "*/' );
-------- BEG NNI NG OF TRI GGER' S CODE
-------- Begi nni ng of outer bl ock.
-------- Added to enconpass new added date conversion bl ock and

........ original code.
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DBMS_OUTPUT. PUT_LINE ( '/*" ); -- Quter block coment text
DBMS_OUTPUT. PUT_LI NE (
[ ")
DBMS_OUTPUT. PUT_LI NE (
' ")

[
DBMS_OUTPUT. PUT_LI NE (
' Begi nni ng of the new outer block to enconpass the added Y2K );
DBMS_QUTPUT. PUT_LI NE ( ' conversion code and the original code.' );
DBMS_OUTPUT. PUT_LI NE (

[ ")
DBMS_OUTPUT. PUT_LI NE (

[ ")
DBMS_OUTPUT. PUT_LINE ( '*/" );
DBMS_QUTPUT. PUT_LINE ( 'BEA N ); -- Beginning of outer block
DBMS_OUTPUT. PUT_LINE ( '/*" ); -- Quter block coment text
DBMS_OUTPUT. PUT_LI NE (

' ")

[
DBMB_OUTPUT. PUT_LI NE (

[ )
DBMS_QUTPUT. PUT_LINE ( 'Inserted Y2K conversion code.' );
DBMS_OUTPUT. PUT_LI NE (

"Convert "NEW date value to be Y2K conplaint.' );
DBMS_OUTPUT. PUT_LI NE (

[ ")
DBMS_OUTPUT. PUT_LI NE (
[ ")
DBMS_OUTPUT. PUT_LINE ( '*/" );
-------- BEG NNI NG OF THE Y2K CONVERSI ON BLOCK
DBVMS_OUTPUT. PUT_LINE ( CHR (9) || '"BEG@ N ); -- Beginning of
-- conversion bl ock
DBMS_QUTPUT. PUT_LINE ( CHR (9) ); -- Blank line spacing
-------- LOOP for a specified table's date col ums.
-------- Each date columm has a Y2K conpliant function call built for it.

FOR date_cols IN build_date_colums ( nodification_|loop.table_nane )
LOOP
DBVMS_OUTPUT. PUT_LI NE

(
CHR (9) || ' IF :NEW' || LONER( date_cols.col um_nane )
[ " 1'S NOT NULL '

)
DBMS_OUTPUT. PUT_LINE ( CHR (9) || ' THEN );
DBVMS_OUTPUT. PUT_LI NE

(

CHR (9) || ' :NEW' || LOWER( date_cols.colum_nane )
|| " =" ]| 'rr_date_conversion( :NEW'

|| LONER( date_cols.colum_nanme ) || ' );'
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)
DBMVB_OUTPUT. PUT_LINE ( CHR (9) || ' ENDIF;' );
DBMVS_OUTPUT. PUT_LINE ( '--' ):
END LOOP;

-------- Term nati on of the Y2K conversion bl ock
DBMS_OUTPUT. PUT_LINE ( CHR (9) || "END;' );
DBMS_OUTPUT. PUT_LINE ( '/*' );

DBMS_OUTPUT. PUT_LI NE (

[ ")
DBMS_OUTPUT. PUT_LI NE (

[ Rk
DBMS_QUTPUT. PUT_LI NE ( ' Begi nning of original code.' );
DBMS_OUTPUT. PUT_LI NE (

[ ")
DBMS_OUTPUT. PUT_LI NE (

DBMB_OUTPUT. PUT_LINE ( ' */' ),

var _begi nni ng_of _l i ne
var _end_of _l'i ne
var Iength trigger strlng :

LENGTH ( nodification_|l oop.trigger_body );

WHI LE var_end_of _line < var_length_trigger_string
LOOP

----------- Find the next end of line (each line terminated with a line feed)
var_end_of _line := |INSTR (
nmodi fication_|l oop.trigger_body,
CHR( 10 ),
var _begi nni ng_of _l i ne

)

----------- Extract the line of existing trigger code
var_str_row : = SUBSTR (
nmodi fication_|l oop.trigger_body,
var _begi nni ng_of _l i ne,
var_end_of _line - var_begi nning_of _|ine

----------- SINCE THI' S WAS DEVELOPED W TH PL/ SQL Rel ease 2.1.5.2.0 and
----------- SQ.*Plus: Release 3.1.3.5.1, THE BELOWLOG C | S REQUI RED

----------- Due to | eading bl anks being suppressed/tri med, prefix each line
----------- with a tab- "CHR(9)." (This is to indent inner blocks and to
----------- keep fromtotally losing the existing indentations.

----------- Id desirable, can replace "CHR(9)" with spacing or renpve totally.
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----------- Do not tab left justified coments
I F SUBSTR( var_str_row, 1, 1) I="/"
AND
SUBSTR( var_str_row, 1, 1) !="*"
AND
SUBSTR( var_str_row, 1, 1) I= "-'
THEN
var_str_row := CHR(9) || var_str_row,
END | F;
----------- END OF REQUI RED LOJ C FOR PL/SQL Rel ease 2.1.5.2.0 and
----------- SQL*Plus: Release 3.1.3.5.1
----------- Qut put trigger code and reset or update variables

DBMS_QUTPUT. PUT_LINE ( var_str_row );
SELECT NULL | NTO var_str_row FROM DUAL;
var _beginning_of _line := var_end_of _line + 1;

END LOOP;

DBMS_OUTPUT. PUT_LINE ( '/*' );
DBMS_OUTPUT. PUT_LI NE (

[ ")
DBMS_OUTPUT. PUT_LI NE (

[ ")
DBMS_OUTPUT. PUT_LI NE (

"End of the new outer block to enconpass the inserted Y2K );
DBMS_QUTPUT. PUT_LINE ( 'date conversion code and the original code.' );
DBMS_OUTPUT. PUT_LI NE (

[ ")
DBMS_OUTPUT. PUT_LI NE (

[ ")
DBMS_OUTPUT. PUT_LINE ( '*/" );
DBMS_OUTPUT. PUT_LINE ( 'END;' );
DBMS_QOUTPUT. PUT_LINE ( '/"' ); -- Trigger's terminating slash
END LOOP;

END LOOP;
ROLLBACK;
END;
/
-S;DCIJ_ OFF
-SEET ARRAYSI ZE 15
SET LONG 80
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SET SERVEROUTPUT OFF
SET FEEDBACK On

SET SHOAWWODE On

SET TERM On

SET HEADI NG On

SET ECHO On



